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In the SU(3) symmetry limit, semileptonicD+ → Sl+ν andB− → Sl−ν¯ decays, with S = a0(980),
f0(980) and f0(600), are found to obey different sum rules in the q¯q and the tetra-quark descriptions
for scalar mesons. Thus these sum rules can distinguish the two scenarios for light scalar mesons
model-independently. This method also applies to the B¯0 → J/ψ(ηc)S decays. Two kinds of SU(3)
symmetry breaking effects are found to be under control, which will not spoil our method. The
branching fractions of the D+ → Sl+ν, B− → Sl−ν¯ and B¯0 → J/ψ(ηc)S decays roughly have
the order 10−4, 10−5 and 10−6, respectively. The ongoing BES-III and the forthcoming Super B
experiments are able to measure these channels and accordingly to provide detailed information of
the scalar meson inner structure.
PACS numbers: 13.20.Fc; 13.20.He; 13.25.Hw; 14.40.Cs
I. INTRODUCTION
Understanding the internal structure of scalar mesons is of prime interest in hadron physics for several decades.
It plays a crucial role to understand the chiral symmetry breaking mechanisms of the QCD and the confinement
of hadrons. In spite of the striking success of QCD theory for strong interaction the underlying structure of the
light scalar mesons is still under controversy [1–5]. The classification of scalar mesons suffers from large hadronic
uncertainties arising from the fact that scalar mesons share the same spin-parity quantum numbers JPC = 0++ with
the QCD vacuum. For instance irrespective of the dispute on the existence of f0(600) and K
∗
0 (800) mesons, scalar
mesons have been identified as ordinary q¯q states, four-quark states or meson-meson bound states or even those
supplemented with a scalar glueball. In reality, the nonperturbative QCD fluctuations induce the mixing between
different content, which will add further complexities.
At present, there are already many experimental studies on the production of scalar mesons in nonleptonicD decays.
For instance branching ratios (BRs) of D+ → f0(600)pi+ and D+ → f0(980)pi+ have the order of 10−3 and 10−4,
respectively [6]. On the theoretical side nonleptonic D decays receive large hadronic uncertainties, which can hinder
us from getting a clear view of the internal structures of scalar mesons. On the contrary semileptonic D+ → Sl+ν
decays only contain one scalar meson in the final state, which can be better candidates to probe different structure
scenarios of scalar mesons.
In this work, we propose a model-independent way to distinguish two different descriptions for scalar mesons, i.e.
the two-quark and the four-quark scenarios, through the semileptonic B− → Slν¯ and/or D+ → Sl+ν decays, where S
denotes a scalar meson among a0(980), f0(980) and f0(600). In the following method the flavor SU(3) symmetry will
be used to derive different sum rules for the BRs under these two scenarios. These semileptonic heavy meson decays
are clean as they do not receive much pollution from the hadronic interactions like nonleptonic heavy meson decays.
In B decays, the lepton pair can also be replaced by a charmonium state since they own the same properties in the
flavor SU(3) space. For instance, the mode B¯0 → J/ψS is probably much easier for the experiments to observe.
The layout of this work is given as follows. In Sec. II, we will briefly discuss different descriptions for scalar mesons.
The SU(3) relations for the productions rates and the symmetry breaking effects are discussed in Sec. III and Sec. IV,
respectively. The last section contains a couple of remarks and our conclusion.
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2II. TWO SCENARIOS FOR SCALAR MESONS
A number of scalar mesons have been experimentally discovered in different processes, however in contrast to the
pseudoscalar and vecor mesons the identification of scalar mesons is more difficult because of their large decay widths
causing a strong overlap between different resonances and background. In particular, in recent years there has been
controversies about the existence of the two light and very broad states: K∗0 (800) (also refereed as κ) meson in the
700− 900 MeV region; f0(600) (also denoted as σ) meson in the region of 400− 1200 MeV.
The f0(600) meson, having the same quantum number with the QCD vacuum, might play a significant role in the
chiral symmetry breaking and the mass origin of the pseudoscalar mesons. This meson might also have some relation
with the scalar meson proposed in the linear sigma model at 50 years ago [7]. There have been many studies on
the possible scalar resonance structure in different experimental processes. Although the data of the 2pi invariant
mass spectra in the pp¯ annihilation do not show a distinct resonance structure below 900 MeV [8], the existence of
the f0(600) meson is allowed in many processes for instance the piN scattering [9], the nonleptonic D
+ → pi+pi−pi+
decay channel [10–12], and the J/ψ → ωpi+pi− [13] and ψ(2S)pi+pi− [14, 15]. This pole is also derived in the
analysis based on chiral symmetry and Roy equations [16, 17] and the analysis using unitarized chiral perturbation
theory [18]. Refs. [19, 20] analyzed the σ → γγ process and found that the data are consistent with a two-step
process of γγ → pi+pi− with a subsequent final state interaction pi+pi− → pi0pi0. This conclusion prevents us from
learning anything new from the coupling of f0(600) with 2γ. This situation is also similar for the K
∗
0 (800) meson.
For example, the data from the BES-II implies a κ-like structure in J/ψ decays into K¯0∗K+pi− [21, 22]. A number of
phenomenological analysis find a light and broad state consistent with K∗0 (800) (see many references in the review [1]
in the PDG [6]) but this pole is absent in some other work [23–26]. The inconsistence between different analysis
implies the complexities in the nature of the f0(600) and K
∗
0 (800) resonances.
Assuming the existence of the K∗0 (800) and f0(600), there are 9 mesons together below or near 1 GeV, and in this
case it is reasonable to assume the nonet for scalar mesons below or near 1GeV consisting of f0(600),K
∗
0 (800), f0(980)
and a0(980). In the q¯q picture, scalar mesons are viewed as P-wave states [27], whose flavor wave functions are given
by
|f0(600)〉 = 1√
2
(|u¯u〉+ |d¯d〉) ≡ |n¯n〉, |f0(980)〉 = |s¯s〉, (1)
|a00(980)〉 =
1√
2
(|u¯u〉 − |d¯d〉), |a−0 (980)〉 = |u¯d〉, |a+0 (980)〉 = |d¯u〉.
In this picture, f0(980) is mainly made up of s¯s, which is supported by the large production rates in J/ψ → φf0(980)
and φ→ f0(980)γ decays [6]. Meanwhile, the experimental data also indicates the nonstrange component of f0(980):
the BR of J/ψ → ωf0(980) is comparable with that of J/ψ → φf0(980). To accommodate with the experimental
data, f0(980) is supposed to be the mixture of n¯n and s¯s as
|f0(980)〉 = |s¯s〉 cos θ + |n¯n〉 sin θ,
|f0(600)〉 = −|s¯s〉 sin θ + |n¯n〉 cos θ. (2)
Using the BRs of J/ψ → f0(980)φ and J/ψ → f0(980)ω, the ratio between the coupling constants of f0(980)KK¯ and
f0(980)pipi, and the BR of φ→ f0(980)γ, the mixing angle θ is constrained as [28]
25◦ < θ < 40◦, 140◦ < θ < 165◦. (3)
Due to the large decay width of f0(600) meson, the mixing angle is usually identified as an energy dependent variable.
In the above determination, the mixing angle has been taken as a constant variable.
From the allowed range of the mixing angle given above, we can see that f0(980) is dominated by the s¯s component.
The expected dominant decay channel f0(980) → KK¯ is suppressed by the small phase space. Then f0(980) → pipi
decay becomes dominant arising from some nonperturbative interactions such as the rescattering mechanism. This is
supported by the experimental data [6].
3The classical q¯q picture meets with several difficulties. For example, since s quark is expected to be heavier than
u/d quark, it is difficult to explain the fact that the strange meson K∗0 (800) is lighter than the isotriplet mesons
a0(980), and the isosinglet meson f0(980) has a degenerate mass with a0(980). Moreover, since scalar mesons are
identified as the P-wave states in the q¯q description, it is difficult to explain why the K∗0 (800) meson is lighter than
its vector partner K∗(892).
Inspired by these difficulties, other candidate scenarios are proposed. In Ref. [29], scalar mesons are identified as
diquark-diquark states. In the SU(3) flavor space, the two quarks can form two multiplets as
3⊗ 3 = 3¯⊕ 6, (4)
while the other two antiquarks reside in 3 or 6¯ multiplets. The diquark in a scalar meson is taken to be totally
antisymmetric for all quantum numbers, color antitriplet, flavor antitriplet, spin 0. The q2(q¯)2 states make a flavor
nonet, whose internal structures are given as:
|f0(600)〉 = |u¯ud¯d〉, |f0(980)〉 = |n¯ns¯s〉, (5)
|a00(980)〉 =
1√
2
|(u¯u− d¯d)s¯s〉, |a+0 (980)〉 = |d¯us¯s〉, |a−0 (980)〉 = |u¯ds¯s〉.
Taking the mixing into account, the isosinglet mesons are expressed as
|f0(980)〉 = |n¯ns¯s〉 cosφ+ |u¯ud¯d〉 sinφ,
|f0(600)〉 = −|n¯ns¯s〉 sinφ+ |u¯ud¯d〉 cosφ, (6)
where the φ is constrained as [30]
φ = (174.6+3.4−3.2)
◦. (7)
Apart from the q¯q and the tetraquark picture (diquark-diquark), there exists another promising candidate inter-
pretation of scalar mesons: they are molecule states. Ref. [31] found within a potential model that scalar tetraquark
systems can only appear in the form of the KK¯ molecules . The pair of the isodoublet kaons can form four different
states: three mesons as an isovector and one isosinglet meson, which can easily explain the degeneracy of the mass
of a0(980) and f0(980). More importantly the K
∗
0 (800) and f0(600) mesons are irrelevant and thus this scheme is
also consistent with the absence of these two resonances as physical states. The molecule description has also been
successfully applied in different processes for instance the effective Hamiltonian approach within the molecule picture
has been used to compute the f0(980) → pipi and f0(980) → γγ decays [32]. It is worthwhile mentioning that our
proposed method in the following section is invalid under this interesting picture since the production rates of f0(600)
will be used.
The identification of the scalar mesons below 1 GeV as the four-quark states or molecule states can raise the question
about the scalar q¯q states. The experimentalists have observed several scalar mesons above 1GeV. The expectation
from the naive quark model that q¯q scalar mesons (L = 1) are expected to be heavier than the vector q¯q partners
(L = 0) may also give us a hint that the scalar q¯q nonet is made of the several heavier mesons: the isovector and
isodoublet mesons a0(1450),K
∗
0 (1430), the isosinglet mesons f0(1370), f0(1500), f0(1710) with some ambiguities in
the choice of the ninth member since the isosinglet mesons can mix with the scalar gluebll state through the QCD
interactions. Nevertheless, since this work mainly concerns the scalar mesons below 1 GeV, we will refrain from more
discussions of the nature of this heavier q¯q nonet.
III. SU(3) RELATIONS
Although the nature of scalar mesons is very complicated, we will focus on two simple pictures and analyze their
productions in the heavy meson decays. Feynman diagrams for D+ → Sl+ν decays in two different pictures are
given in Fig. 1. The left panel is for the two-quark scenario, while the right panel is for the four-quark scenario. If a
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FIG. 1: Feynman diagrams of D+ decays into a scalar meson. The left diagram is for two-quark picture, while the right diagram
is for the four-quark mesons.
scalar meson is made of q¯q, the light quark is generated from the electroweak vertex and the antiquark d¯ serves as a
spectator. Thus only the component d¯d contributes to semileptonic D decays. In the SU(3) symmetry limit, decay
amplitudes of D → f0(980)(f0(600))lν channels under the qq¯ picture have the following relation
A(D+ → f0(980)l+ν) = − sin θAˆ,
A(D+ → f0(600)l+ν) = − cos θAˆ, (8)
where the transition amplitude Aˆ is defined as
Aˆ ≡ A(D+ → a00(980)l+ν). (9)
This leads to a sum rule
B(D+ → a00(980)l+ν) = B(D+ → f0(980)l+ν) + B(D+ → f0(600)l+ν), (10)
which is independent of the mixing angles. One may worry about the accuracy of our above result because of the
possible large QCD scattering effect. However, if we use the hadron picture, we can still get the same result. The
dd¯ pair produced from the weak interaction in Fig.1(a) can form isospin 0 and isospin 1 states with the ratio of 1:1.
The ratio is directly obtained from the Clebsch-Gordan coefficients. Although the QCD scattering can mix between
states, the non-perturbative QCD interactions conserve the isospin. Therefore the sum of production rates of isospin
0 states on the right hand side of eq.(10) is always equal to production rates of the isospin 1 states on the left hand
side of eq.(10). The isospin breaking effect in strong interaction is negligible.
If a scalar meson is composed of four quarks, besides the light quark from the electroweak vertex and the spectator,
another q¯q pair is generated from the QCD vacuum. This quark pair could be s¯s or u¯u, where both d¯ds¯s and u¯ud¯d
contribute. The decay amplitudes are given as
A(D+ → f0(980)l+ν) = −(cosφ+
√
2 sinφ)Aˆ,
A(D+ → f0(600)l+ν) = (sinφ−
√
2 cosφ)Aˆ, (11)
which gives
B(D+ → a00(980)l+ν) =
1
3
[B(D+ → f0(980)l+ν) + B(D+ → f0(600)l+ν)].
(12)
It is meaningful to define the ratio of partial decay widths
R =
B(D+ → f0(980)l+ν) + B(D+ → f0(600)l+ν)
B(D+ → a00(980)l+ν)
. (13)
5The ratio is 1 for the two-quark description, while it is 3 for the four-quark description of scalar mesons. Similarly for
semileptonic B → Slν¯ decays, the charm quark in Fig.1 is replaced by a bottom quark and the d¯ quark is replaced
by a u¯ quark, while leptons are replaced by their charge conjugates. We have the same sum rules
R =
B(B− → f0(980)l−ν¯) + B(B− → f0(600)l−ν¯)
B(B− → a00(980)l−ν¯)
=
{
1 two quark
3 tetra-quark
. (14)
Let’s now examine whether all these channels are experimentally measurable by estimating the branching ratios for
individual channels. If the mixing angle is close to θ = 0◦ or θ = 90◦ in the two-quark picture (in four-quark scenario,
the mixing angle is 54.7◦ or 144.7◦), either f0(600) or f0(980) meson has small production rates but the other one
should have large production rates. Neglecting the highly suppressed channel, the ratio defined in eq.(13,14) can still
distinguish the two different scenarios for scalar mesons.
If the mixing angle is not close to the values discussed in the above paragraph, all three D+ → Sl+ν channels would
have similar BRs in magnitude. The BR of the semileptonic Ds → f0(980) decay is measured [33] as
B(Ds → f0(980)lν¯)× B(f0(980)→ pi+pi−)
= (2.0± 0.3± 0.1)× 10−3. (15)
Thus as an estimation, generic BRs for the cascade D+ → Sl+ν decays are expected to have the order
f(D) =
V 2cd
V 2cs
× 2× 10−3 ≃ 1× 10−4, (16)
while the mixing effects can modify the BRs by several times. For instance if the mixing angles given in Eq. (3) and
Eq. (7) are used, one has the estimates of the BRs
B(D+ → f0(980)l+ν) ≃ 1
2
f(D) tan2 θ ≃ (0.04− 0.35)× 10−4,
B(D+ → a0l+ν) ≃ 1
2
f(D)
1
cos2 θ
≃ (0.6− 0.8)× 10−4,
B(D+ → f0(600)l+ν) ≃ 1
2
f(D) ≃ (0.4− 0.6)× 10−4 (17)
in two-quark description; or
B(D+ → f0(980)l+ν) ≃ (0.19− 0.63)× 10−4,
B(D+ → a0l+ν) ≃ (0.5− 0.54)× 10−4,
B(D+ → f0(600)l+ν) ≃ (0.88− 1.4)× 10−4 (18)
in the four-quark description, where the mixing angle given in Eq. (7) is used but the uncertainty is increased as
(175 ± 10)◦. The luminosity of BES-III experiment at BEPC II in Beijing is designed as 3 × 1032cm−2s−1. This
experiment, starting running since summer 2008, will accumulate 30 million DD¯ pair per running year [34]. Even we
assume the detect efficiency is only 20%, there will be 600 events per running year if the BR is used as 1 × 10−4. It
is very likely to observe these decay channels.
As for the B decays, the generic BR of B → Slν¯ can be estimated utilizing the B → ρlν¯ and D+s → φl+ν decays
f1(B) = B(B → Slν¯) ≃ B(B → ρlν¯)B(Ds → f0(980)lν¯)B(Ds → φlν¯)
≃ 10−4 × 10
−3
10−2
= 10−5, (19)
where the heavy quark symmetry has been assumed. The mixing effects can be similarly analyzed as in the case of
semileptonic D decays. For the three distinct channels, the BRs are obtained from Eqs. (17) and (18) by changing
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FIG. 2: Feynman diagrams of B → J/ψ(ηc)S decays. The left panel is for two-quark picture, while the right panel is for the
four-quark mesons.
f(D) by f(B) and changing 10−4 by 10−5. It is also worthwhile pointing out that the above analysis is based on the
heavy quark limit mb,c →∞. The finite heavy quark masses effect might also provide some changes. Compared with
the recently measured semileptonic B → η decay [35]
B(B− → ηl−ν¯) = (3.1± 0.6± 0.8)× 10−5, (20)
we can see that the B → Slν¯ is comparable with the B → ηlν¯ decays. Such a large BR offers a great opportunity
for distinguishing the descriptions. Even if the present B factory does not observe these channels, it is easy for the
forthcoming Super B factory to measure these channels.
The semileptonic D/B decays are clean, which do not receive much pollution from the strong interaction. But since
the neutrino is identified as missing energy, the efficiency to detect these channels may be limited. The lepton pair
can also be replaced by some other SU(3) singlet systems such as a J/ψ or ηc meson. Replacing the lepton pair by
the J/ψ and replacing B− by a B¯0 state (a different spectator antiquark will not change the results) in Eq. (14), one
can easily obtain the similar sum rules for the BRs
R =
B(B¯0 → f0(980)J/ψ) + B(B¯0 → f0(600)J/ψ)
B(B¯0 → a00(980)J/ψ)
=
{
1 two quark
3 tetra-quark
. (21)
The Feynman diagrams are shown in Fig. 2. Although these channels are hadronic decays, the hadronic uncertainties
are mostly canceled in the sum rule of ratios. The BR is expected to have the order
f ′(B) = B(B → SJ/ψ) ≃ B(B¯0 → ρ0J/ψ)B(Ds → f0(980)lν¯)B(Ds → φlν¯)
≃ 2.7× 10−5 × 10
−3
10−2
≃ 3× 10−6. (22)
The BRs for the three B → SJ/ψ decay channels can be obtained by the results given in Eqs. (17) and (18) with a
multiplication of the factor 0.03. On experimental side the J/ψ is easily detected through a lepton pair l+l− and thus
these modes may be more useful. If the J/ψ meson is replaced by ηc in eq.(21), one can get the similar sum rules.
With the available data in the future, one can not only distinguish the different descriptions for scalar mesons
but also determine the mixing angle between the isosinglet mesons. In Fig. 3, we show the dependence of ratios
of BRs in D/B decays on the mixing angle in both scenarios. For all three kinds of decays, the solid (black) and
dashed (blue) lines represent ratios Rf0(980) =
B(D/B→f0(980)lν)
B(D/B→a0
0
lν)
(Rf0(980) =
B(B→f0(980)J/ψ)
B(B→a0
0
J/ψ)
) in the q¯q and q2q¯2
picture, respectively. Similarly, we can define the ratio Rf0(600) =
B(D/B→f0(600)lν)
B(D/B→a0
0
lν)
(Rf0(600) =
B(B→f0(600)J/ψ)
B(B→a0
0
J/ψ)
).
Unfortunately, due to the large uncertainty of the f0(600) meson mass as we will discuss in the following section, we
have to modify the ratio by a phase space factor κ for channels involving f0(600), especially for the semileptonic D
decays. In Fig.3, the dotted (red) and dot-dashed (green) lines represent ratios κRf0(600) in the q¯q and q
2q¯2 picture,
respectively. The mixing angles in either scenario are clearly related to the branching ratios.
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FIG. 3: Ratios of branching fractions in D/B decays vs mixing angles in two-quark and four-quark scenarios. For all three
kinds of decays, the solid (black) and dashed (blue) lines represent ratios Rf0(980) in the q¯q and q
2q¯2 picture, respectively. The
dotted (red) and dot-dashed (green) lines represent ratios κRf0(600) in the q¯q and q
2q¯2 picture, respectively.
IV. SU(3) SYMMETRY BREAKING
Remember that the above results are obtained in the flavor SU(3) symmetry limit. It is also necessary to estimate
the symmetry breaking effects since the strange quark is heavier than u, d quark. In the following we will first analyze
the generic size of symmetry breaking effects and then discuss two different cases.
The large SU(3) symmetry breaking effects in D meson decays, for example the BR of D0 → K+K− is about three
times larger than D0 → pi+pi−, may lead to the suspect of the reliability of the sum rules as in Eq. (14). However
the hadronic D0 → K+K− and D0 → pi+pi− decays are different with the decay modes discussed in the this work in
several aspects. The former decays involve two light mesons and the symmetry breaking effects coming from either
of them will be constructive 1. In semileptonic B/D decay modes the final state contains only one hadron and the
symmetry breaking is naturally smaller. Moreover in hadronic D decays, the D → K/pi transitions is induced by the
different quark current c → s/d. On the contrary, the transition current at the quark level in this work is c → d,
same for channels involving isovector and isosinglet scalar mesons. Accordingly the symmetry breaking effects in
semileptonic D/B decays will be smaller than those in hadronic D decays.
Generically the size of the SU(3) breaking effect could be roughly estimated by the mass difference between u/d
and s quarks, whose magnitude is
ms −md/u
Λ
∼ 0.3 (23)
where Λ is the hadronic scale. Taking into this generic symmetry breaking effect, the two ratios become R = 1± 0.3
in the q¯q picture and R = 3± 0.9 in the tetraquark picture. The difference between them could be smaller, but they
are still different and our method is still useful. We also expect smaller SU(3) symmetry breaking effects in B meson
decays, since the large energy release may weaken the effects from the different masses.
One particular origin is that the isospin singlet scalar mesons have different masses, which can change the phase
space in the semileptonic D/B decays. Fortunately, this SU(3) breaking effect can be well studied, which almost does
not depend on the internal structure of scalar mesons or the strong interactions. The mass of f0(980) is well measured
but the mass of f0(600) meson has large uncertainties mf0(600) = (0.4 − 1.2) GeV. This big range of masses indeed
induces large differences to D decays, since the D meson mass is only 1.87GeV. The BR of the semileptonic decay is
affected by a factor of (0.31− 5.4) depending on the mass of the f0(600) meson. Therefore the sum rule in eq.(13) is
1 It is clearer if the factorization method is used although the conclusion does not depend on this hypothesis. The symmetry breaking is
either from the different D → K and D → pi form factors or decay constants of kaon and pion. In D0 → K+K− both form factors and
decay constants are larger.
8not good unless the f0(600) meson mass is well measured. But in B meson decays, the sum rule in eq.(14) will not
be affected sizably, since the f0(600) meson mass is negligible compared with the large B meson mass. Numerically,
this correction factor in B decays is (0.9 − 1.1). This will also affect the extraction of the mixing angle as we have
discussed in the previous section.
Another SU(3) breaking effect comes from the decay form factors of various scalar mesons. In the two-quark
scenario, only the d¯d component contributes to the transition form factors shown in the left diagram of Fig.1. The
SU(3) symmetry breaking effect to the form factors is thus negligible. In the four-quark scenario, the u¯ud¯d component
in f0(980) and f0(600) resonance is different from the internal structure of a
0
0:
1√
2
(u¯u− d¯d)s¯s. In the right diagram
of Fig.1, it would be easier to produce the lighter u¯u (or d¯d) quark from the vacuum than the s¯s quark. The SU(3)
symmetry breaking effects may make the form factor of D/B → f0(600) and D/B → f0(980) larger than that of
D/B → a0. It will make the ratio R larger than 3 in the four-quark scenario. Thus this SU(3) symmetry breaking
effects in the form factors will not spoil our method but instead it will improve its applicability.
V. DISCUSSIONS AND CONCLUSION
In the above two sections, we have discussed the SU(3) relations for the BRs and the symmetry breaking effects in
the heavy meson decays. The individual production rates for f0(600) and f0(980) are required in our method. The
effect in the phase space factor caused by the large uncertainties in the mass of the f0(600) can be directly taken
into account. However the physical processes would be more complicated since both the f0(600) and f0(980) need
be reconstructed from the pipi mode 2. Considering the large width of f0(600), it is difficult to distinguish these two
mesons by the same final state. In this case, the simple ratios Rf0(980) and κRf0(600) will be not useful to constrain
the mixing angle. Nevertheless, the ratio R which needs only the sum of these two states can still provide a method
for distinguishing the two descriptions for scalar mesons.
One more ambiguity comes from the mysterious quark content of scalar mesons. In this work, we have payed
particular attention to the two-quark and tetra-quark picture. As we have mentioned in the introduction section the
physical situation is more subtle, since any meson may have two- and four-quark components as part of the usual
Fock state expansion. Those two-quark and four-quark states are quantum-mechanically mixed, also likely with other
potential candidates with the same quantum numbers. Restricted to the 2-quark and 4-quark mixtures, two complex
decay amplitudes and several mixing angles are unknown and should be treated as input parameters, while only 3
physical observables are available from the experiments in principle. This mixing problem is not solvable and the
proposed sum rules becomes useless. Nevertheless our method is at least helpful to rule out one of the possibility. If
the ratio R were close to 1, the pure 4-quark picture is likely to be ruled out but if the ratio R were close to 3 the
pure 2-quark picture is likely to be excluded.
In conclusion, we have investigated the possibility to distinguish the two-quark and tetra-quark picture for light
scalar mesons. The semileptonic D/B → Slν¯ decays and the nonleptonic B → J/ψ(ηc)S decays are discussed in
detail. These decay channels have a large potential to be measured on the ongoing BES-III and the forthcoming
Super B experiments. Despite a number of ambiguities arising from the nonperturbative QCD dynamics or the SU(3)
symmetry breaking effects, our method is useful to distinguish these two different scenarios.
2 ρ is a vector meson and its decay into pipi occur via the P -wave amplitude, while the decay amplitude of f0(600) and f0(980) into pipi
belongs to S-wave. The background from the ρ0 → pipi can be separated within the partial wave analysis. Another possibility is to use
only the pi0pi0 mode in the analysis, since ρ0 can not decay to this final state due to the “wrong” C parity. Of course, we need more
data in this case.
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